SUMMARY The left coronary artery of 21-, 28-, and 45-day-old spontaneously hypertensive rats and Wistar-Kyoto rats was analyzed morphometrically to evaluate the structural alterations of the vessel wall during the development of genetically determined hypertension. In 45-day-old rats, hypertension was associated with a significant expansion of the partial volume of collagen and ground substance (119%) within the arterial wall. This change exceeded the concurrent accumulation of elastin (77%) and smooth muscle cell mass (34%). The growth of the muscle compartment was also characterized by a marked increment of rough endoplasmic reticulum (103%). The increase in the mural concentration of fibrous proteins at this early age may be viewed as the initial adverse effect of hypertension on muscular arteries. (Hypertension 6: 526-529, 1984) KEY WORDS • collagen and ground substance spontaneously hypertensive rats elastin smooth muscle cells E PIDEMIOLOGIC studies are currently investigating the relationship between elevated blood pressure levels in early life and the appearance of coronary heart disease in adulthood.
PIDEMIOLOGIC studies are currently investigating the relationship between elevated blood pressure levels in early life and the appearance of coronary heart disease in adulthood. 1 Another relevant issue is the detection of early structural alterations of the arterial wall that may accompany the development of hypertension in childhood. The present study addresses this issue by evaluating the quantitative changes in the composition of the wall of the left coronary artery (LCA) during the early rise in blood pressure in rats with genetically determined hypertension. The results show that a statistically significant accumulation of connective tissue content (collagen and ground substance, and elastin) within the wall of the LCA occurs in short-term hypertension.
Methods
The LCA was examined in spontaneously hypertensive rats (SHR) of the Okamoto strain at 21, 28, and 45 days of age. 2 The three age groups consisted of six, five, and six animals, respectively. Age-matched normotensive Wistar-Kyoto (WKY) rats were used as controls, with six animals in a group. At sacrifice, a polyethylene cannula was inserted into the abdominal aorta, 2 ' and the hearts were fixed by perfusion with a glutaraldehyde-paraformaldehyde mixture diluted 1:1 with phosphate buffer. The hearts were then removed and the weights recorded. The proximal 1.5 mm axial length of LCA was dissected free and processed for light and electron microscopy.
2 -1 Just before embedding, each segment of LCA was sliced transversely to obtain four rings, which were then embedded with the distal end facing the cutting surface of flat embedding molds. From each of the four tissue blocks, 0.5 (xmthick sections were cut, stained with methylene blue and safranin, and the average volume of the wall per unit length of LCA was determined for each animal following the morphometric methodology used in our laboratory. 4 5 Composition of the LCA wall was measured from two random electron micrographs (X75OO), which contained the whole thickness of the wall, from each of the four individual blocks from each animal. The volume fractions of endothelium, internal elastic lamina (IEL), smooth muscle cells (SMC), smooth muscle cell nuclei, and other extracellular components of the media were measured by using a morphometric grid with 266 sampling points. 2 Random high power (x 80,000) electron micrographs of the media, two micrographs per block, were employed to determine morphometrically the relative volume of the collagen and ground substance and of the elastic fragments distributed between SMC. In addition, the volume percent of cytoplasmic constituents of SMC, that is, myofilaments, mitochondria, rough endoplasmic reticulum (RER), smooth endoplasmic reticulum (SER) and caveolae, and matrix was elevated.
Relative values were used to compute the mean absolute characteristics of the LCA wall and SMC mass. These data were obtained by multiplying either the total volume of the wall or the volume of SMC mass by the corresponding volume fraction of the different structural constituents. 2 4 5 The results show the mean ± SD of values determined for the individual animals in each group. Levels of significance between measurements in different groups of rats were evaluated by Student's t test.
Results
Early after birth, SHR showed a rise in mean systolic arterial pressure that was significant compared with that of WKY controls. 2 6 -7 The rise occurred approximately at 28 days of age (Table 1) and was an average 28%, which was maintained up to 45 days. 2 Increases in body weight were practically identical in both animal groups.
2 Table 1 also shows that the elevation in blood pressure was accompanied by a significant increase in heart weight, noted first at 28 days and then sustained at 45 days. The mean luminal radius and wall thickness of LCA were not statistically different in SHR and WKY at any of the three age intervals examined. However, approximately equal increases in both the internal radius and wall thickness of the LCA were seen in SHR at 45 days after birth.
On a qualitative basis, no appreciable difference could be detected in the fine structure of LCA between SHR and WKY rats. The LCA near its origin is characterized by a lining endothelium, a minimal amount of subendothelial space, an elastic internal lamina, and a tunica media that consists of SMC intermingled with fragments of elastic tissue (Figures 1 and 2 ). Delicate collagen fibrils and ground substance fill the interspace between SMC (Figure 2 ).
At 45 days of age, SHR exhibited a 42% (p < 0.01) greater wall volume per unit length of LCA when compared with that of their corresponding controls (Table  2) . Similarly, the absolute component volume had increased in SHR by 119% (p < 0.01) in collagen and ground substance, 77% (p < 0.05) in elastic fragments, and 34% (p < 0.001) in SMC. In contrast, no significant changes were seen in the other constituents of the vessel wall.
The growth response of the cytoplasmic organelles of SMC is reported in Table 3 . It can be seen that in 45-day-old SHR there was a 42% (p < 0.02) greater accumulation of myofilaments and a 103% (p < 0.005) expansion of RER. The SER and caveolae, mitochondria, and the matrix compartment of the cells were not significantly different. Values are means ± SD SHR = spontaneously hypertensive rat; WKY = Wistar-Kyoto rat.
•Indicates a percentage change that is statistically significant: p < 0.05. 
Discussion
The results of our study indicate that the adaptation of LCA in early spontaneous hypertension is characterized by proportional increases in the luminal radius (21%) and wall thickness (18%), which together contribute to the marked increase in wall volume per unit length of vessel (42%) detected in SHR at 45 days after birth. These changes are consistent with the significant expansion in myocardial mass (19%) seen at the same age period. Hemodynamic observations based on pressure-flow curves analyzed in older SHR with established hypertension have shown that the coronary resistance vessels exhibit a higher resistance per unit volume of myocardium than vessels in normotensive controls." This alteration has been interpreted to be brought about through a relative reduction in the internal radius of the coronary vessels as well as through an increase in thickness of the vascular wall and reduced Values are means ± SD. SHR = spontaneously hypertensive rats; WKY = Wistar-Kyoto rat; RER = rough endoplasmic reticulum; SER = smooth endoplasmic reticulum.
•Indicates a percentage change that is statistically significant: p < 0.05.
by guest on May 13, 2017 http://hyper.ahajournals.org/ Downloaded from extensibility of the coronary tree. 8 Our morphometric measurements of the major LCA indicated no change in the wall-thickness-to-radius ratio, although it cannot be excluded that this ratio may be increased in the intermediate-and small-sized vessels of the arterial coronary bed. The hypertrophic growths of the wall and media of LCA, however, are in agreement with a previous report 9 of a similar adaptive response of the small mesenteric arteries in the same strain of rats at a relatively young age.
Hypertension of all sorts is associated with increased peripheral resistance based on structural changes in the vessel wall. 10 Our study demonstrates that short-term hypertension in young SHR is characterized by a disproportionate increase in the structural components of the LCA wall. Collagen and ground substance expanded by 119% and medial fragments of elastic tissue by 77%; both markedly exceeded the enlargement of SMC mass, 34%. These morphometric results suggest that the passive stiffness of LCA may be increased at this time, since scleroproteins appear to be the principal determinants of arterial distensibility, with collagen the actual limiting factor."
Published information on the mechanical properties of medium-sized muscular arteries, such as the carotid and tail arteries, as well as of the resistance vessels has repeatedly indicated the presence of a reduced vascular compliance in SHR. 1 * l0 i: -' 5 On the other hand, total connective tissue content in the carotid and tail arteries was observed to be either unchanged 14 or decreased. 15 It should be pointed out, however, that collagen synthesis has been found to be enhanced in the aorta and mesenteric arteries of young SHR,' 6 which support our findings in this investigation of the LCA.
Caution should be taken in interpreting quantitative data and in comparing such results with biochemical assays of the concentration of specific vascular proteins. The morphometric evaluation of amorphous proteins in the arterial wall is, in fact, entirely dependent on morphological identification. The magnitude of collagen and ground substance accumulation found here, however, can hardly be the result of methodological limitations. Therefore, we are inclined to consider these structural changes as the first pathologic effect of short-term hypertension on the coronary artery. Genetic factors alone may also play a role in this animal model, although their relative influence on the composition of the vessel wall is still unknown.
It seems reasonable to assume that the connective tissue components of the vascular wall just discussed are synthesized by medial SMC since such cells synthesize fibrous proteins in vitro. l7 The marked increase in RER (103%), an organelle system that is associated with the synthesis of extracellular proteins, 18 is consistent with the increase in the amount of both collagen and elastin in the coronary wall with hypertension. The activation of SMC is also indicated by the accumulation of myofilaments (42%), which slightly exceeded the augmentation in SMC mass (34%).
In conclusion, the early rise in blood pressure in SHR is associated with a significant expansion of the fraction of collagen and ground substance within the wall of LCA over a period of approximately 2 weeks. Whether such an alteration represents initial vascular damage that progresses into an overt coronary artery lesion in long-term hypertension remains to be determined.
